Halogenated aromatic hydrocarbons such as 2,3 ,7,8 -tetrachlorodibenzo-p-dioxin (TCDD; dioxin) cause a profusion of apparently unrelated toxic effects in which the single common denominator is the aromatic hydrocarbon receptor-mediated transcriptional activation of the cytochrome P450 CYPIAI gene (1) (2) (3) (4) (5) (6) . In humans, exposure to dioxin and various other chlorinated phenolic agents causes chloracne, a long-lasting skin disease characterized by the hyperkeratinization of follicular sebocytes (7, 8) . In addition, recent long-term epidemiological studies have established a link between exposure to high doses of TCDD and certain types of cancers (9, 10) . Dioxin is one of the strongest tumor promoters ever tested in animal model systems; it causes an elevated incidence of hepatic carcinoma and pulmonary and skin tumors (11) (12) (13) and promotes tumor formation at one-hundredth the dose of the classical tumor promoter 12-O-tetradecanoylphorbol-13-acetate (TPA) in the skin of hairless mice (1416). During rodent embryogenesis, TCDD administration also causes craniofacial abnormalities such as cleft palate and hydronephrosis (17) (18) (19) (20) (24, 25) . In this regard, the developing immune system is a particularly sensitive target for TCDD, with thymic atrophy being the most common pathological consequence of exposure (26 
Materials and Methods
Aflatoxin B1 was a gift of Howard G. Shertzer, and TCDD was a gift of the Dow Chemical Company; all polycyclic aromatic hydrocarbons used were purchased from the National Cancer Institute Chemical Carcinogen Repository. The mouse cell lines used in these studies were the wild-type Hepa-1 hepatoma line (28) and its CYPlAl metabolism-deficient derivative, c37 (29) (30) (31) , a variant that carries two missense mutations in the Cyplal gene, rendering the resulting enzyme nonfunctional (31) . These cells were grown in a-minimal essential media supplemented with 5% fetal bovine serum.
The (33) . The sequence of the relevant portion of the U3 LTR is shown in Figure 1 ; the sequences that were replaced indicated by a single overline. In all cases, 10 or 30 nucleotide residues (1 or 3 helical turns) were replaced by 10 residues (one helical turn), thus preserving the relative position of the unaffected binding sites on the DNA helix. Mutagenesis was carried out by polymerase proximal AP-1 in LS5 had no effect on basal expression levels but caused an increase in TCDD-dependent CAT expression, whereas mutation of the distal NFAT and AP-1 sites in LS 1, LS2, and LS3 had a negligible effect on both basal and TCDD-induced CAT expression (Fig.  3) . Mutation of the NFicB sites in LS4n or of the cryptic AhRE site in LS4a almost completely abolished basal and TCDDstimulated CAT expression (Fig. 3) . Double mutations caused diverse effects: LS12 abolished TCDD induction and increased basal expression slightly, whereas LS 15 and LS35 showed both elevated basal expression levels and absence of TCDD stimulation; LS23 and LS25 had low basal levels and a TCDD stimulation factor of 6-to 7-fold ( Fig. 3 and Table 1 Figure 3 . Effect of TCDD on CAT expression directed by linker-scanning mutants. The dial shows the approximate position of the mutated sites, with the individual mutations denotE cle (see Figure 1 for the actual coordinates and the text for a complete description of eac Relative CAT activity values were determined as indicated in Figure 2 .
levels, but the extent of induction was not significantly different than in the wild-type ( Fig. 3 and (39, 40) . As shown in Table 1 (23, 55, 56) . In agreement with this hypothesis, we find that stimulation of CAT expression by TCDD is absent in the variant cell line c37 that lacks cytochrome P450 CYPlAl activity, strongly suggesting that the effect of TCDD is mediated by the monooxygenase activity of CYPlAl. This activity might generate arachidonate metabolites responsible for the elevation of the pro-oxidant status of the cell, and indeed several cytochromes P450, including the TCDD-inducible CYPlAl and CYP1A2 enzymes (57) (58) (59) and others (60, 61) , possess arachidonic acid epoxygenase activity. Our experiments, although not directly aimed at the identification of possible mediators, show that NAC and 2-mercaptoethanol eliminate the effect of TCDD, indicating that, as shown for NFKB activation (62) (63) (64) , oxidative stress caused by thiol-sensitive reactive oxygen species is likely to be involved in the TCDD-dependent activation events.
In conclusion, our data are consistent with a signal transduction mechanism that includes at least two different TCDDdependent pathways. On one hand, activation of the Ah receptor triggers expression mediated by the AhRE site present in the LTR. On the other hand, TCDD induction of a functional CYPlA1 monooxygenase stimulates generation of thiol-sensitive reactive oxygen species, which in turn activate transcription factors operative in LTRdirected expression. We find that, in addition to TCDD, several other toxic environmental chemicals can activate expression of the HIV-1 promoter-enhancer sequences, underscoring the importance that exposure to these compounds might have in the progression ofAIDS.
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